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ABSTRACT
Lung cancer rates in relation to smoking habits were studied in a
cohort of 619,225 women traced over a 4-vr period (1982 to 1986). A
total of 1,006 lung cancer deaths was recorded. The standardized mor
tality ratio (SMR) for women smokers was 12.7 for current smokers and
4.8 for exsmokers. For those women without a history of chronic diseases,
the SMR rose to 17.6 for current smokers. The SMRs rose with the
number of cigarettes smoked per day to 22.0 for women who smoked 31
or more per day. SMRs also increased with depth of inhalation; this
increase was independent of the number smoked per day. SMRs also
increased by duration of smoking and decreased with cessation of smok
ing. Mortality ratios for lung cancer in women ranged from about 2 to 1
to 3 to 1 in studies carried out in the 1950s and 1960s. As women have
begun to smoke earlier in life, smoke more cigarettes a day, and inhale
more deeply, we are now observing much higher SMRs in women with
lung cancer, similar in magnitude to those seen in men in the earlier
studies.
INTRODUCTION
Studies of lung cancer in the 1960s and 1970s among non
smoking and smoking women found relative risk ratios much
lower than in men. For example, the Surgeon General's Report
on Women (1) showed relative risk ratios in 3 prospective
studies ranging from 2.6 to 4.5. These included the American
Cancer Society's 25-state study (2), the British physician study
(3), and the Swedish study (4). Hirayama reported a relative
risk of lung cancer in women in his prospective study of 3.67
for smokers of 1 to 19 cigarettes a day and 5.26 for smokers of
20+ cigarettes a day (5). The 1971 Surgeon General's report
summarized the findings of 16 retrospective studies in women
carried out in the 1950s and 1960s (6). The relative risk for
smokers of developing lung cancer ranged from 0.2 to 6.8. Half
of these studies had relative risks of 2 to 3. In Wynder and
Stellman's large case control study for cases collected in the
1970s, the relative risk was 7.8 (7). In the study of Akiba et al.
(8) of Japanese women, the odds ratio for lung cancer in female
smokers was 2.4. Men, on the other hand, had risk ratios for
lung cancer in the three prospective studies of 8.2, 10.1, and
14.0 (1). In 30 retrospective studies in men in the 1950s and
1960s, the relative risks of lung cancer ranged from 1.2 to 36.0.
Ten of these studies had relative risks of 9 or greater (6).
The major reason for the difference in these risk ratios would
appear to be in the many parameters which describe lifetime
exposure. Women in those studies started smoking later in life,
smoked fewer cigarettes per day, and inhaled less deeply than
men. Smoking patterns of women have changed over time and
women, particularly those over age 50, have much more expo
sure to tobacco products now than they did in the past. In 1980,
Doll et al. stated that female smokers born after the first World
War were more likely to have started smoking young and to
describe themselves as inhalers. They predicted that, when these
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women progressed into their 60s and 70s, the absolute effects
of smoking a given number of cigarettes on mortality may turn
out to be about the same as those observed in men (9).
The data from the American Cancer Society's Cancer Pre
vention Study II have been used to test whether differences in
lung cancer risk ratios for women smokers have increased in
the 1980s.
SUBJECTS AND METHODS
The study has been described previously (10). In 1982, 77,000
volunteers enrolled 1.2 million men and women in a prospective study
by asking them to complete a confidential 4-page questionnaire. In
addition to smoking, the questionnaire included questions on dietary
and drinking habits, occupational exposures, medicines and vitamins,
menstrual and reproductive history, and many other questions. Enroll
ment of subjects took place in all SO states, the District of Columbia,
and Puerto Rico. Enrollment was in family groups, with at least one
person above the age of 45 in each family. All family members 30 yr or
older were asked to complete the questionnaire.
Every second year the volunteer researchers are given a list of the
persons they enrolled and asked to check if they are alive or dead, and
if dead, the data and place of death. Copies of death certificates are
obtained from state health departments and are subsequently coded
according to an abbreviated version of the International Classification
of Diseases (ICD-9). Follow-up on cancer cases is made through cancer
registries, physicians, or hospitals to verify the primary site of cancer
reported on death certificates and histological diagnosis, if any.
Subjects in the study have now been traced through 2 follow-ups or
4 yr of experience. At the close of the second follow-up, 98.5% of the
subjects had been traced, alive or dead. The results shown pertain to
the 619,925 women successfully traced and for whom it was possible
to classify smoking habits as never smoked regularly, current smoker,
or exsmoker. Smoking habits in this paper always refer to those
reported by subjects at the time of enrollment.
Relative risks of lung cancer are expressed as SMRs.3 Lung cancer
rates in nonsmokers in each 5-yr age group are applied to the person-
years of each smoking group to obtain expected numbers of deaths.
Expected deaths are summed over age groups. The SMR is the observed
divided by the expected number of deaths.
RESULTS
During the first 4 yr of follow-up, there were 18,367 deaths
reported among these 619,925 women or 3.0% of the total.
This group accumulated 2,446,435 person-years, giving a crude
death rate of 750.8 x 10~5; after adjustment to the 1970 age
distribution of United States White females, the rate was 887.0.
Among the same cohort there were 1,006 lung cancer deaths
reported, giving a crude rate of 41.1 per 100,000 population
and an age-adjusted rate of 34.6. Lung cancer thus accounted
for 5.5% of all deaths among women enrolled in CPS-II.
The distributions of age, person-years, and smoking habits
are presented in Table 1. Nonsmokers make up an increasingly
higher percentage of women at older ages, while the percentage
of current smokers decreases with age. The proportion of
exsmokers is relatively unvarying (21 to 24%) up to age 69.
Two factors contribute to the decreasing prevalence of smoking
3The abbreviations used are: SMR, standard mortality ratio; CPS, Cancer
Prevention Study; T/N, tar/nicotine.
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Table 3 Expected and observed lung cancer deaths and SMRs according to
number of cigarettes smoked per day by current smokers and by history of chronic
illness
Total 619.925 2,446,435
Table 2 Expected and observed lung cancer deaths and SMRs according to








regularly52,1048686.01.0298,5468888.01.0350.650174174.01.0Formersmoker22,75715531.74.9114,15210 27.63.9136,90926254.64.8Currentsmoker17,562 372 .16.5114.80443324.617.6132,36657045.012.7
Â°O, observed; E, expected (based upon age-specific rates in nonsmokers with
the same histor)').
habit with advancing age: selective mortality among smokers
and a secular trend toward greater likelihood of smoking in
younger birth cohorts. The exsmoking rate is 4 times that of a
comparable group of women in Cancer Prevention Study I who
completed a questionnaire 23 yr before CPS-II started (10).
Table 1 shows a higher percentage of exsmokers than current
smokers at every age group after age 50 to 54.
Smoking History
The SMRs are presented in Table 2 according to smoking
history and whether or not there was a history of chronic illness,
defined as a history of heart disease, stroke, or cancer. The
SMR among all subjects was 12.7 for current smokers and 4.8
for exsmokers. Among women who were initially healthy at the
time of enrollment, the SMRs were 17.6 for current smokers
and 3.9 for exsmokers. These findings are based upon over 100
observed deaths in each smoking stratum. The SMRs among
current smokers with a history of chronic illness at enrollment
arc lower, because the baseline rate among nonsmokers in this
group is relatively higher.
Cigarettes Smoked per Day
The SMRs for specific groupings of number of cigarettes
smoked per day by current smokers are given in Table 3, for
women without history of chronic disease, and for all women.
Whether or not history of illness is considered, a powerful dose-
response effect is evident. Even women who smoke half a pack







Â°O, observed; E, expected (based upon age-specific rates in nonsmokers with
the same history).
Table 4 Observed and expected lung cancer deaths and SMRs among women


































Number of CigaretteÂ« Per Day Currently Smoked
Fig. 1. Lung cancer mortality ratios in women by depth of inhalation and
number of cigarettes smoked per day.
Furthermore lung cancer death rates in pack-and-a-half per day
smokers rose 22-fold among all women and nearly 30-fold
among women with no previous history of chronic illness (based
on 65 deaths in that category).
Inhalation
The SMRs for current smokers rose with the stated level of
inhalation (none, slight, moderate, deep), as shown in Table 4
for women with no history. Inhalation is a fairly subjective
measure and has not consistently been found to be related to
lung cancer death rates in other studies. In our population,
depth of inhalation is strongly correlated with number of ciga
rettes smoked per day, so that it is conceivable that inhalation
might merely be a proxy for quantity. Therefore, the SMR for
lung cancer is shown in Fig. 1 according to both inhalation and
quantity currently smoked. In the figure, the categories "do not
inhale" and "inhale slightly" have been combined with each
other, because the quantity-specific SMRs were practically iden
tical in those two categories. For the same reason, the categories
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"inhale moderately" and "inhale deeply" were also combined.
It is apparent that quantity smoked and inhalation depth are
independent risk factors for lung cancer.
Duration
The number of years that current smokers have smoked
cigarettes is correlated with age, so that adjustment for age
tends to result in adjustment for duration as well. Table 5 shows
the SMRs for lung cancer according to both duration and
quantity currently smoked. Only three deaths occurred to
women who had smoked for 20 yr or less. For smokers of
specific numbers of cigarettes per day, the SMR increases
dramatically with the number of years smoked. The SMR for
pack-and-a-half-or-more smokers increased from 18.9 (dura
tion, 21 to 30 yr) to 38.8 (41 to 70 yr).
Smoking Cessation
Table 6 shows the SMRs for former smokers according to
the number of years since they last smoked cigarettes and by
amount last smoked. The distinction between ratios for all
women and for those without a history of chronic illness is
quite important. Smokers often quit as a result of developing
symptoms of a life-threatening disease or immediately following
diagnosis. This phenomenon is evidenced by the rise in the
SMR for all women within the first 2 yr following cessation
(from 10.3 to 13.6 in light smokers, and from 21.1 to 32.4 in
heavy smokers), in contrast to a drop among women without a
history of chronic disease (from 14.5 to 8.9 in light smokers,
Table 5 Observed and expected lung cancer deaths and SMRs among women
with no history of chronic illness, according to number of cigarettes per day
currently smoked and number of years of smoking habit
Duration of smoking
habit(yr)21-300Â°ESMR31-40OESMR41-700ESMRNo.
of cigarettes/day, current smokers
!1-1031.02.9182.37.9292.910.011-1930.46.7221.119.2231.417.020161.213.6593.119.2833.325.121-3090.518.4361.426.5361.034.331+70.418.9271.125.3300.838.8
" O. observed: E, expected (based on age-specific rates in nonsmoking women).
and from 27.5 to 24.0 in heavy smokers). The SMRs do not
fall completely to 1.0, even after 16yr, but the number of deaths
among exsmokers without history of chronic illness is too few
to determine reliably the number of years of cessation required
for a woman's risk to fall to that of a nonsmoker.
Tar Yield of Current Cigarette
One important goal of CPS-II is to evaluate the possible
influence of machine-rated tar yields on risks of lung cancer
and other diseases. In CPS-I a decrease of about 40% was
observed in women who smoked cigarettes which were then
considered "low T/N" (11). At that time (the early 1960s), low
T/N cigarettes contained up to 17 mg of tar, whereas "high T/
N" cigarettes yielded at least 27 mg of tar. Other studies since
then have led to the general impression that higher tar yields
are related to higher risks of lung cancer (12).
Assessment of a relationship between tar yield and lung
cancer risk is complicated by a number of factors: (a) the sales-
weighted average yield has been steadily dropping for many
years, in high T/N brands as well as low, so that today's "high"
brands may be more like earlier "low" or "medium" brands; (Z>)
most smokers in this study took up the habit when average
yields were much higher than they are now, and therefore have
smoked cigarettes spanning a wide range of yields; (c) very low
or "ultra" low cigarettes which debuted in the early 1980s may
not have been smoked for sufficient periods of time to show an
effect; (d) low T/N cigarettes may be flavored by untested
additives which also affect the risk of lung cancer.
In view of this complexity, a more thorough analysis of lung
cancer risk in relation to cigarette yield is planned and will be
published separately. Nevertheless, even two simplified anal
yses, one based upon yield of the cigarette smoked at time of
enrollment in this study and the other upon the number of
years subjects smoked filter cigarettes, both show differential
risks.
Current Cigarette Yield. We also classified the tar and nic
otine yield of the cigarettes women in CPS-II smoked. In a
previous study (10), 13.9% of women enrolled in CPS-II re
ported currently smoking cigarettes which had less than 6.0 mg
of tar, and 37.7% reported currently smoking cigarettes with
6.0 to 11.9 mg of tar. Only 3.6% smoked cigarettes with 20.2
mg or more of tar (most of these were nonfilter cigarettes).
A logistic regression model was developed in which the tar
yield of the cigarette currently smoked was a continuous vari
able, together with categorical variables: age (5-yr groups);
number of cigarettes smoked per day (none, 1 to 9, 10 to 19,
Table 6 Expected and observed lung cancer deaths and SMRs among former smokers, according to years of smoking cessation and number of cigarettes smoked at
time of cessation











smokers after the following yr of smokingcessationUp
to2171.98.9140.6 4.052 .813.6391.232.43-5151.97.870.513.0333.98.4231.120.36-10123.13.990.712.4206.13.3171.511.411-1573.71.920.82.7217.03.061.54.116+1913.31.441.13.64126.01.692.34.0
' O, observed; E, expected (based on age-specific rates in nonsmokers with the same history).
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* Adjusted to the United States female population, 1970.
c -, No deaths in age group.
Table 8 Distribution of smoking exposure variables in women, at time of
enrollment, by age group: CPS-I (1959) and CPS-II(1982)%
of current
smokers who







































































Â°Do not inhale. 1; inhale slightly, 2; inhale moderately, 3; inhale deeply, 4.
20, 21 to 30, 31 or more); and inhalation (none, slight, mod
erate, deep). The outcome variable was 1 (died of lung cancer
within 4 yr) or 0 (otherwise). Former smokers were excluded.
After adjustment for age, quantity, and inhalation, the expo
nentiated coefficient for tar yield was exp(0.03075) = 1.031 (P
< 0.01). Under this model, the lung cancer risks for women
smoking cigarettes with machine-rated yields of 5, 10, 15, and
20 mg of tar would be 1.17,1.36, 1.59, and 1.85 times those of
nonsmokers, respectively. In particular, doubling the tar yield
would be equivalent to an increased risk of about 40%, inde
pendently of amount smoked or depth of inhalation.
Years Smoked Filter Cigarettes. Those women who currently
smoked cigarettes and who had smoked for at least 20 yr were
also classified by the proportion of their smoking lifetimes
during which they had used filter cigarettes. This fraction
ranged from 0% (nonfilter smokers only) to 100% (filter smok
ers only). After adjustment for age and quantity smoked per
day, the standardized mortality ratio for women who smoked
filters for 40% of their smoking lifetime or less was 1.51
compared to women who smoked filter cigarettes only (95%
confidence interval, 1.29, 1.75).
Some have suggested that low-tar-yield smokers tend to
smoke more cigarettes or inhale more deeply (13-15). Our data
suggest that compensation may have some small effect in in
creasing the number of cigarettes smoked by ultra-low-tar-yield
smokers, but does not fully compensate for the total tar inhaled.
Depth of inhalation is lowest in low-tar-yield smokers and
highest in high-tar-yield smokers (10).
DISCUSSION
The predicted increase in the SMR for smokers with lung
cancer is borne out in this study. The SMR of 12.7 for lung
cancer is similar to those found in men in prospective studies
carried out in the 1960s and 1970s. Table 7 shows how the
ratios in smokers increased over the years. The table shows age-
specific rates and age-standardized lung cancer mortality ratios
in three 4-yr periods of time in Cancer Prevention Study I (the
American Cancer Society 25-state study) (2) and for the 4-yr
period in Cancer Prevention Study II. The age-standardized
lung cancer rate in nonsmokers remained the same for the 26-
yr period covered by the two studies (11.68 in 1960 to 1964,
12.41 in 1965 to 1968, 12.19 in 1969 to 1972, and 12.12 in
1982 to 1986). The rate among cigarette smokers, however,
rose from 23.86 per 100,000 in 1960 to 1964 to 130.39 per
100,000 in 1982 to 1986, a more than 5-fold increase. Relative
risks increased from 2.04 in 1960 to 1964 to 2.94 in 1965 to
1968 to 4.47 in 1969 to 1972 to 10.76 in 1982 to 1986. Smoking
exposures changed dramatically between CPS-I and CPS-II
(Table 8). The percentage who smoked 20 or more cigarettes a
day was 20% higher in CPS-II then in CPS-I, especially in
women of ages 50 to 79. The age at which women began
smoking decreased considerably in the later study to an 8- to
10-yr difference in women between ages 55 and 79, and the
index of inhalation was also higher at each age for women
enrolled in CPS-II compared to CPS-I. The observed increases
in lung cancer risk related to these dosage factors evidently far
outweighs the much smaller ameliorative effect of reduced tar/
nicotine yield over the same time period.
The decrease in lung cancer SMRs in exsmokers parallels
the finding in men and is an encouraging aspect for the control
of lung cancer. Despite the study increase of age-standardized
lung cancer rates in women, so many smokers have quit that
we are starting to see a drop in rates in women under 45 and a
leveling off of rates in women 45 to 54. This phenomenon has
been observed in age-specific rates in men. This presages a day
in the not too distant future when we shall see a reversal in the
overall lung cancer rates in men, followed some years later by
a downturn in the lung cancer rate in women.
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